We have tested the in vitro binding of Clostridium difficile toxin A (enterotoxin) and cholera toxin to intestinal brush border membranes prepared from either conventional or axenic mice. Membranes from axenic mice were shown to be saturated at a lower toxin A concentration (at least 2.5 times lower). Because there were no significant differences between membranes from axenic and conventional mice in binding at low toxin A concentrations, the presence of the normal microflora seems to increase the number but not the affinity of brush border membrane receptors on the enterocyte surface. Corroborating the in vitro results, we observed that conventional mice were more sensitive to the pathological effects of toxin A given intragastrically than were axenic mice. In contrast, there was no difference in the binding characteristics of cholera toxin between membranes from conventional and axenic mice. We conclude that the presence of the mouse intestinal bacteria increases the number of C. difficile toxin A intestinal receptors but does not influence cholera toxin receptors.
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It is now well established that Clostridiium diffic ile is responsible for causing pseudomembranous colitis, a severe manifestation characterized by the presence of colonic membranes, hemorrhagic lesions, and profuse watery diarrhea (1, 10, 11) . In healthy individuals, the microbial flora of the digestive tract exerts a preventive action against the establishment and proliferation of C. difficile. Patients treated with antibiotics, however, are especially at risk for this infection. The infection can be experimentally produced by inoculating clindamycin-treated hamsters (2, 4, 8, 19) or axenic mice (5, 17) with C. difficile, and these two models have contributed much to the comprehension of C. diffic ileassociated pathology. Toxin A (enterotoxin) is recognized to be highly important in the pathological process by inducing water loss (15, 18, 20) . The role of toxin B (cytotoxin) is less clear but may act synergistically with toxin A to create the characteristic damage to the intestinal and colonic epithelia (16) . More recently, Krivan and co-workers have described specific intestinal receptors for C. difficile toxin A from hamsters and rats (13) which are apparently different from the GM1 receptor described for cholera toxin (9) . Binding was found to be greater to hamster receptor preparations than to those of rats, an animal of low sensitivity to toxin A. These findings strongly suggest that C. difficile disease is mediated by binding of toxin A to specific receptors and that the affinity and number of these receptors may be important in the expression of pathology. Factors that modify the structure and function of the receptors are therefore of interest. The purpose of the work described here is to define the role of the normal microflora in the expression of toxin A receptors using the axenic mouse as a reference. For comparison, the influence of the presence of the microflora on the binding of cholera toxin to receptor preparations was also determined. measurement of liberated glucose during hydrolysis of sucrose using the glucose oxidase peroxidase reagent (7) . Toxins and immunoassays for toxin quantitation. Toxin A used in the test (produced by C. difficile) was crude. It was obtained from dialysis cultures of C. difficile as previously described (17) and stored at -20°C until use. Cholera toxin was purchased from Sigma Chemical Co., St. Louis, Mo.
Toxin A quantities were determined by using an enzymelinked immunosorbent assay (ELISA) procedure previously described (17) . Only toxin A is revealed by this test. Cholera toxin was quantified by using a similar ELISA technique. The immunological reagents use for cholera were sheep immunoglobulin G anticholera toxin and rabbit immunoglobulin G (kindly donated by A. Dodin, Pasteur Institute, Paris, France). They were obtained after a hyperimmunization with purified cholera toxin.
Binding of toxins to brush border membranes. The binding of toxins to membranes was performed at 4°C by a modification of a previously described procedure using brush border preparations (13) in 1-ml plastic tubes previously saturated with 20 mg of bovine serum albumin per ml. Membrane preparations were quickly thawed and diluted to give the desired protein concentration in 0.1 M Tris buffer, pH 7.2, containing 50 mM sodium chloride, 500 mM sorbitol and 2% bovine serum albumin (Fraction 5; Sigma). Solutions containing the toxin were added, and after a 15-min incubation at 4°C, the mixtures were centrifuged at 28,000 x g for 5 min. All binding reactions were run in triplicate. The supernatants containing the residual toxin not fixed to the membranes were quantitated by using an ELISA previously described (17) . To increase the precision of the ELISA for residual toxins, and in order to be in the linear portion of the reference curve, three dilutions of each sample were performed. Furthermore, comparison of the binding capability of membranes from axenic and conventional mice was accomplished by having all samples (including reference mixtures) at a given concentration of either membranes or toxin in the same microdilution plate.
In vivo enterotoxin activity. Axenic and conventional mice were inoculated intragastrically with 1 ml of a supernatant of a C. difficile culture containing 25 ,ug of toxin A per ml. We determined the mortality rate of axenic and conventional animals at 24 h after injection.
Statistics. All the statistical comparisons were done using the Student t test, except for mortality rates, for which the chi-square test was used.
RESULTS
A comparison of three separate purifications of brush border membrane preparations from axenic and conventional mice prepared under identical conditions is shown in Table 1 . At each step the quantities of proteins from axenic and conventional mice were not significantly different. Sucrase activity was used as a brush border marker for membrane purification (12) . For the whole procedure, the specific sucrase activities of the membranes from axenic mice were about 25% lower than those from membranes from conventional mice; however, the extent of purification under identical conditions was approximately the same.
The fixation of toxin A to enriched brush border membrane fraction from axenic and conventional mice was determined by using a fixed quantity of toxin A and various amounts of membranes (Fig. 1) . Toxin A was found to bind to a significantly greater extent to preparations from conventional mice than to preparations from axenic mice in the range of membrane concentrations of 20 to 80 ,ug/ml. At 40 ,ug of protein, for example, about 20 ng of toxin A was bound to membranes from conventional mice as compared with 7 ng for those from axenic mice (P < 0.001). Above 100 ,ug/ml, the amount of bound toxin approached the theoretical maximum of 30 ng which was added to the test mixtures and the differences between the two preparations in binding were not as pronounced. When the amount of toxin A added to a fixed amount of membrane was varied from 20 to 160 ng/ml, a great difference between conventional and axenic membranes was evident for the maximum binding capacity of the membrane (Fig. 2) . Membranes from axenic mice were saturated at toxin A concentrations of about 60 ng, whereas membranes from conventional mice still did not show saturation at a concentration as high as 160 ng/ml. The maximum amount of toxin A bound to membranes from axenic mice was about 30 ng compared with over 80 ng for membranes from conventional mice (P < 0.001). It is important to note that the amount of toxin fixed at low toxin concentrations (<60 ng) was not significantly different between the preparations from axenic and conventional mice. The binding of cholera toxin measured under the same experimental conditions, using the same preparations as those used in Fig. 1 and 2 , showed that there was little difference in the abilities of membranes from either conventional or axenic mice to bind cholera toxin (Fig. 3) . A maximum of 20 ng of cholera toxin was bound by 20 p.g of membranes from either axenic or conventional mice. Similarly, a saturation experiment revealed that membranes (10 p.g) from both sources were saturated at values of greater than about 25 ng of cholera toxin per ml (Fig. 4) . Differences in the amount of cholera toxin bound were not significant between the two preparations.
Two groups of 20 mice, conventional and axenic, were inoculated intragastrically with about 25 ,ug of toxin A. At 24 h, the mortality reached 55% for conventional mice and 25% for axenic mice. The difference was statistically significant (P < 0.05). Furthermore, the intestines from dead mice were strongly hemorrhagic and similar in appearance to those from C. difficile-infected mice. tors, we used enriched brush border membrane preparations rather than crude brush border membrane preparations as described earlier (13) . The membrane vesicles prepared by this technique have more than 95% of the mucous surface of the brush border exposed to the incubation medium, thus minimizing nonspecific adhesion to the serous side of the membranes (12) . We have shown that it is possible to obtain good reproducibility in purification of successive batches of membranes. Moreover, there were no fundamental differences in protein content and sucrase activities between material obtained from intestines from axenic and conventional mice. These similarities have facilitated standardization of our working parameters and allowed direct comparisons of the two types of intestinal preparations. Mouse intestines rather than ceca were used as a source of receptors because cholera disease pathology is confined to the intestines, while C. difficile pathology is mainly confined to cecum where C. difficile multiplies. Exposure of the intestine to toxin A will cause pathology there as well (the rabbit ileal loop is used as a test for toxin A activity (6) . On the other hand, the increased number of receptors could act as an aggravating factor for C. diJficile pathology in humans when large quantities of antibiotics which destroy the barrier flora are used.
